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Abstract 
There are several methods for determining residual stresses inside the constructions. Recently the most common methods are 
those which do not destroy the inspected components which are thus still fully usable. Hole-drilling method represents this kind 
of methods. It is standardized by internationally respected standard ASTM E837. It describes the recommendations for the 
residual stress measuring process for the hole-drilling method. One of the described factors is the influence of the drilling speed. 
In this paper the measuring experiment for the evaluation of the drilling speed influence on the acquired residual stress values 
purpose is described and accomplished. 
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Peer-review under responsibility of organizing committee of the Modelling of Mechanical and Mechatronic Systems MMaMS 
2014.  
Keywords: residual stresses, hole drilling method 
1. Introduction 
Residual stresses occur during each mechanical, thermal or chemical process, which permanently changes the 
material shape. There are several measuring techniques for determination of these residual stresses. Recently the 
most common technique is the hole-drilling method standardized by ASTM E837 [1]. The standard describes how 
the measuring procedure should be performed to achieve acceptable results. One of the recommendations is that for 
common steels high speed drilling is more suitable than low speed one in order to ensure not affected relieved strains 
and subsequently the calculated residual stress values.   
There is a wide range of commercially available measuring devices for residual stress determination by the hole-
drilling method. Some of them are just specially designed for high speed drilling, like e.g. MTS 3000. Some enables 
both types of drilling, high and low, like e.g. RS200. High speed drilling performed by measuring system MTS 3000 
requires air compressor to supply the drill. This is not always sufficient in experimental testing and also makes the 
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measuring process much longer. Therefore comparative experimental testing of high speed measuring system MTS 
3000 and low speed measuring system RS 200 was performed to achieve which one is more suitable for 
experimental determination of the residual stresses. According the ASTM E 837 high speed drilling is in the range 
from 50 000 rpm to 400 000 rpm. The experiment itself was performed on a plate specimen with material type S355 
(Fig. 1). 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Inspected specimen 
1.1. High speed drilling 
Measuring system MTS 3000 from SINT Technology was used for residual stress measurement by means of high 
speed drilling [2]. This automated measuring system represents the cutting edge of the residual stress measurement 
by the hole-drilling method. It enables high speed drilling with high accuracy. On the other hand the measuring 
process itself is often lengthy which is not suitable for quick residual stress evaluation, e.g. in production lines 
where each minute of layoff costs money.  
Measuring string showed in Fig.2 was used for residual stress measurement by MTS 3000. Air turbine was 
supplied by air compressor. Drilling speed was 400 000 rpm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Measuring string MTS 3000 
 
Relieved strains were measured by means of strain gage rosette 1RY61-1.5/120S from HBM (Fig. 3), connected 
into quarter bridge by strain gage amplifier Spider 8-30 also from HBM. The hole was created by means of a drill 
with the diameter 1.6 mm up to the final depth 2 mm in 20 drilling steps. Measuring system MTS 3000 set up during 
the experiment is shown in Fig.4. 
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1.2. Low speed drilling 
Measuring system RS 200 from Vishay company was used in case of low speed measurement [2]. This 
measuring device is strictly of mechanical construction which is much simpler in comparison to MTS 3000. 
Cordless screwdriver was used as a supply for cutting machine. Drilling speed was 500 rpm. It is obvious that 
described measuring string (Fig. 5) is simpler and the measurement itself is faster however less accurate. 
Relieved strains were acquired by means of strain gage rosette RY21-3/120 from HBM (Fig. 6), connected into 
quarter bridge by strain gage amplifier P3 from Vishay. The hole was created by means of a drill with the diameter 
3,2 mm up to the final depth 5 mm in 10 drilling steps. Measuring system RS 200 set up during the experiment is 
shown in Fig.7.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Measuring string RS 200 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Strain gage rosette 1RY61-1,5/120S Fig. 4 Measuring system MTS 3000 during the drilling 
procedure 
Fig. 6 Strain gage rosette 1RY21-3/120 Fig. 7 Measuring system RS 200 during the hole 
drilling 
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1.3. Comparison of the results 
Evaluation of the residual stress components was performed by means of ASTM E837 after accomplishment of 
the high and low speed drilling procedure (Fig.8). The residual stress determination was carried out for uniform 
stress distribution case. Obtained results are showed in Tab.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8 specimen after the measurement 
     Table 1. Results of the residual stress measurement 
Method Vmax [MPa] Vmin [MPa] Angle [°] 
Low speed drilling -10.34 -60.96 76.83 
High speed drilling -4.06 -63.78 80.13 
 
Initial procedure and the experimental measurement in case of high and low speed drilling was carried out by 
means of ASTM E837, which is well described in known publications [3, 4]. 
Obtained results show justification for use of low speed drilling experimental measurement. The deviations from 
more common high speed measurement are negligible when the experimental conditions and operator skills are 
sufficiently high. 
To conclude, low speed milling is the adequate replacement when the conditions for high speed drilling are 
limited.  
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